Abstract The diagnosis of cancer can motivate survivors to alter their lifestyle habits. Healthcare providers need to be aware of what changes patients are likely to make in order to derive more pertinent recommendations; however, few studies have reported pre-and post-diagnostic lifestyle behaviours. Semi-quantitative food frequency questionnaires (FFQs) completed approximately 1 year after diagnosis were used to evaluate dietary intake and supplement use before and after diagnosis in a cohort of 1,560 breast cancer patients participating in the UK, prospective DietCompLyf study. Intake of fruit and vegetables, wholegrains and lean sources of protein increased significantly postdiagnosis (P \ 0.05, each). Conversely, after diagnosis consumption of high-fat, high-sugar products, red meat, coffee, some alcoholic drinks and refined grains significantly decreased (P \ 0.05, each). Post-diagnostic changes in diet were accompanied by changes in the intake of macronutrients and a number of vitamins and minerals. Supplement use was highly prevalent (56.1%) pre-diagnosis, increasing to 62.8% after diagnosis (P = 0.001). Fish oils, multivitamin and minerals, and evening primrose oil were most often used and the proportion of users significantly increased (P \ 0.05, each) after diagnosis. The percentage of women using oestrogenic botanical supplements (OBSs) was small but more than doubled to 8.4% after diagnosis (P \ 0.05). British women participating in the DietCompLyf study reported significant changes in dietary intake and supplement use after their breast cancer diagnosis. These findings contribute to our understanding of female cancer survivors' dietary behaviours which is crucial for developing and implementing recommendations.
Introduction
Diet, exercise and other beneficial lifestyle changes are initiated by many following a diagnosis of cancer [1] . A desire to be cured of cancer, prevent disease progression, maintain and improve health in preparation for treatment with significant side-effects are among the main reasons stated by cancer survivors for adopting positive lifestyle habits [2] [3] [4] [5] . The diagnosis of cancer has been referred to as a ''teachable moment'' when people are motivated to make changes [6] . Healthcare providers can therefore inform their patients of current recommendations and motivate them to adopt healthier lifestyle behaviours. This is of great importance as cancer survivors are at an increased risk of developing secondary cancers as well as other chronic diseases, such as diabetes, osteoporosis and cardiovascular disease [1] .
There is evidence to suggest that diet plays a role in breast cancer progression and overall mortality [7] [8] [9] [10] [11] and the assessment of survivors' dietary habits at the time of diagnosis and afterwards is of importance. Cancer studies based on self-reported statements of change indicate that 30-48% of breast cancer patients make dietary changes following diagnosis including an increase in fruit and vegetable consumption and a decrease in meat, fat and sugar intake [2, 3, 5, 12] . Only one study to date, however, has provided limited quantitative data for both pre-and post-diagnostic periods and it included only 260 patients [13] .
Changing supplement use is another lifestyle factor considered by many survivors. A systematic review of studies reported that use of vitamin, mineral and multivitamins by breast cancer patients ranged from 57-87% [14] and is considered to be higher than supplement use by the general population [15] [16] [17] . Only a few studies have investigated supplement use before and after breast cancer diagnosis [2, [18] [19] [20] [21] , and oestrogenic botanical supplements sometimes marketed as ''natural'' remedies for the relief of menopausal symptoms have usually not been enumerated. Investigating their use by breast cancer patients would, however, be of particular interest because of the potential effects of oestrogenic constituents on the progression of breast cancer.
We have therefore evaluated dietary intake and supplement use in the DietCompLyf study, an ongoing prospective cohort of patients with invasive breast cancer recruited from multiple centres within the UK. We have used validated self-administered food frequency questionnaires (FFQs), for quantitative assessment of diet pre-and post-diagnosis to compare intakes of foods and nutrients during this important period. Both FFQs were completed at study entry, with one FFQ reporting dietary intake prior to diagnosis and the other FFQ for after diagnosis. Use of dietary supplements including OBSs was also investigated for the same time period.
Methods

Study cohort
Subjects were part of a larger, ongoing prospective cohort study of breast cancer patients called DietCompLyf. The study will investigate the associations between phytoestrogens status as well as other dietary and lifestyle factors and breast cancer survival. Patients were invited to enter the study 9-15 months after diagnosis of invasive primary breast cancer. After obtaining ethical approval, recruitment was carried out in two waves; one between February 1998 and December 2004 and the second from January 2005 to August 2010. Fifty six collaborating hospital centres within the UK National Health Service (NHS) were involved.
These are evenly distributed throughout England, with Scotland, Northern Ireland and Wales having 2-3 hospitals each. Participants have been recruited mainly from small cities, with less than a third living in large cities. Eligibility criteria include: age up to 75 years; histologically confirmed invasive breast cancer grades I-III; good understanding of English. Exclusion criteria include previous history of cancer other than basal-cell carcinoma; concomitant primary cancer; bilateral breast cancer; cognitive impairment and severe psychological conditions. Written informed consent was obtained from all women. The present analyses are based on data from participants recruited between 1 February 1998 and 31 December 2007.
Baseline data collection and assessment Following consent at hospital, two FFQs, lifestyle and quality of life questionnaires were given to participants by research nurses who explained how these had to be completed and returned by post within 4 weeks. Participants were asked to complete both FFQs, starting with information on their habitual average dietary intake before learning about their diagnosis (1st FFQ) and then proceeding to the 2nd FFQ with information since being diagnosed. The FFQ is a self-administered, validated, semiquantitative questionnaire developed by the UK study arm of the European Prospective Investigation into Cancer and Nutrition (EPIC) study [22] . It consists of two sections: the first is a list of 130 food and beverage items, each with an assigned standard portion size. Fruit and vegetable portion sizes were either natural units, e.g. one apple or a medium serving. All items were associated with nine options for frequency of consumption ranging from never/less than once a month to more than six portions per day. The second part consists of 15 questions to determine further information on: consumption of milk (food item 131), types of breakfast cereal eaten and other cooking and eating habits.
To evaluate the entire diet, food items were combined to form food groups based on a previously reported classification of foods [23] and similarity in nutrient content and culinary use. Daily intake of kilocalories, macronutrients and common micronutrients were derived using the nutritional software program, Compositional Analyses from Frequency Estimates (CAFE) (MRC Centre for Nutritional Epidemiology in Cancer Prevention and Survival, University of Cambridge) developed specifically to analyse the UK version of the EPIC questionnaire. Participants whose FFQs corresponded to a daily intake either below 600 kcals or above 4,800 kcals were excluded from further analyses leaving 1,560 patients. Dietary intakes of nutrients and food items were adjusted for energy intake, using the nutrient density model, before further analyses were carried out.
The FFQ also includes a section which asks: ''have you taken any vitamins, minerals, fish oils, fibre or other food supplements during the past year'' followed by a request for provision of the name, brand, strength, dose and frequency of use. Only data on supplement types taken at least once a month have been included in the present analyses. Supplements were reviewed for individual ingredients but if information provided was too generic, only recognisable vitamins, minerals or botanical terms provided in the name were considered. For the purpose of this analysis, multivitamins and products with two or more minerals and/or two or more vitamins were combined to form the multivitamin and mineral (MVM) category because the majority of formulations had a combination of both vitamins and minerals. Oestrogenic supplements were also evaluated. A search was conducted in MEDLINE for cell culture or animal studies investigating the oestrogenicity of each ingredient to determine which supplements were potentially oestrogenic. A product was defined as an oestrogenic botanical supplement if it contained at least one ingredient of plant origin contained in a comparable amount to other constituents, for which there was evidence of oestrogenicity.
Clinical details (grade, nodal status, tumour histology information, past medical history, current medication), and treatment details (including surgery type and use of chemotherapy, radiotherapy, adjuvant hormonal therapy and other treatments) were collected from medical notes and patients' weight and height were measured at study entry. Additional information including socio-demographic characteristics was collected from a self-administered lifestyle questionnaire also completed at study entry.
Statistical analyses
Mean and standard deviations of energy adjusted nutrient and food intakes were estimated. Paired t tests were used to determine whether the changes between pre-diagnostic and post-diagnostic dietary intakes were significantly different from zero. Chi-squared (v 2 ) tests were used to compare the proportion of supplement users before and after diagnosis. Statistical analyses were performed using SPSS version 14.0 for Windows (SPSS Inc, Chicago, IL, USA). A significance level of P \ 0.05 was considered statistically significant.
Results
Participants and clinical characteristics
This sample of 1,560 patients consisted mainly of Caucasian (90%), postmenopausal (67.7%) women. In terms of body size, 33.3% were overweight (BMI 25-29.9) and 21.1% were obese (BMI C 30) at study entry. Fifty three percent of participants were diagnosed with T1 tumours (less than 2 cm) and 40.3% with T2 tumours (2-5 cm). In terms of nodal status, 60.6% were node negative and 85.3% of patients were taking adjuvant hormonal therapy as part of their treatment. Table 1 summarises the main demographic and clinical characteristics of participants. Dietary changes
Changes in the intakes of the most common food groups are shown in Table 2 . Participants reported a significant increase following diagnosis in mean fruit intake from 1.84 to 2.3 servings/1000 kcals/day, and vegetable intake from 3.26 to 3.74 servings/1000 kcals/day. The mean daily servings of combined fruit, 100% pure fruit juice and vegetables consumed also rose from 5.40 to 6.43 per 1000 kcals (or from 9.7 to 10.6 servings per day). Significant increases in intake were also noted for wholegrain foods, cereals, poultry, fish and seafood, legumes, soya meat substitutes, nuts, tea and milk. Significant decreases in intake were observed for full-fat dairy foods, red and processed meats, chips, pizza, desserts, chocolate, butter, wine and alcoholic beverages other than beer, high energy drinks, coffee and foods made of refined grains such as white bread and pasta. Table 3 compares pre-and post-diagnostic nutrient intake per 1000 kcals/day. Women reported consuming around 173 kilocalories less per day after their breast cancer diagnosis. This was accompanied by a decrease in reported consumption of all macronutrients and total alcohol while fibre intake increased. Reported post-diagnostic intakes of most vitamins related to fruit and vegetable consumption (a-and b-carotene, folate, vitamin C) named products with an additional 3 products referring to ''oestrogen metabolism'', ''hormonal changes'' or ''menstrual support''. Overall, the number of OBS users was small but increased significantly after diagnosis from 3.7 to 8.4%. The most commonly used OBSs were flaxseed, soy/ isoflavone containing supplements, ginseng, and red clover followed by a range of other botanical supplements.
Discussion
This study is a quantitative comparison of self-reported dietary intake prior to diagnosis and approximately 1 year after diagnosis in a large sample of British women with invasive breast cancer participating in the prospective DietCompLyf study. A diagnosis of cancer is often referred to as a teachable moment for health behaviour change [1] . We observed statistically significant changes in reported dietary habits, characterised by increased consumption of fruit, vegetables, wholegrain foods and lean sources of protein as well as decreased consumption of high-fat, high sugar products, red/processed meat, coffee, alcoholic drinks and refined grain products. Reported pre-diagnostic supplement use was highly prevalent among this cohort (56.1%) and the number of supplements used following diagnosis increased substantially. Although supplements containing potentially oestrogenic ingredients were only used by a small number of women, their use increased significantly after diagnosis.
Research indicates that compared with individuals who do not have a history of cancer; cancer survivors are more likely to develop secondary cancers and co-morbid chronic conditions and are at greater risk of dying from non-cancer causes [1] . The changes in dietary intake seen within this study are therefore likely to have an important impact in terms of not only cancer recurrence but also other comorbid conditions in this patient group. Previous studies of breast cancer patients have reported qualitative dietary changes which are similar to our study including postdiagnostic increases in fruit and vegetable consumption and decreases in red meat, desserts and foods containing high amounts of fat [3-5, 12, 24] . The Healthy, Eating, Activity and Lifestyle (HEAL) study [13] has also reported quantitative changes in diet, but in a much smaller study of just 260 breast cancer patients. To our knowledge, the DietCompLyf study is the first to provide a comprehensive quantitative analysis of pre-and post-diagnostic dietary intake in a large cohort of breast cancer patients.
The mean reported fruit and vegetable intakes of women in the DietCompLyf study prior to diagnosis was 5.4 servings/1000 kcals/day or 9.7 servings/day indicating that they were already meeting the UK's Department of Health recommendation of five portions per day. This is higher than the average UK reported intake for women (2.9 servings/day) [25] and higher than the 3.5 servings/day reported in the HEAL study [13] . Following their diagnosis, in this study, women increased their fruit and vegetable intake nearly one extra serving to 10.6 servings/day. Breast cancer patients in the control arm of the Women's Healthy Eating and Living (WHEL) study [26] reported eating 7.2 portions/day, while six portions/day were consumed before the initiation of an intervention diet in the Women's Intervention Nutrition (WINS) study [27] . A lower daily intake of 4.1 servings was reported by participants in the Life After Cancer Epidemiology (LACE) study [28] . The variation in fruit and vegetable intake observed between these studies may be due to actual differences in intakes between populations, but could also be due to measurement error resulting from differences in dietary assessment methods and in serving size definitions, or reflect variation in the ethnic or socio-cultural background of the different populations studied. The impact of a change in fruit and vegetable intake on breast cancer recurrence remains equivocal and results from the WHEL [26] and WINS [29] studies are not consistent. Follow-up of the women in the DietCompLyf study will help to elucidate the role of fruit and vegetable consumption on breast cancer recurrence and mortality.
The participants also reported a decrease in their mean energy intake from 1,893 to 1,720 kilocalories/day after their diagnosis which is comparable to reported intake by both the WHEL [26] and WINS [30] studies. This energy decrease was accompanied by a significant reduction of all subtypes of dietary fats. A significant increase in reported mean fibre intake from 9.6 g/1000 kcals/day pre-diagnosis to 10.1 g/1000 kcals/day post-diagnosis was also observed. This is consistent with a previously reported increase in consumption of high-fibre foods following a breast cancer diagnosis [24] . However, it is difficult to make a direct comparison between studies due to methodological and geographical variation [25] , and because of possible differences in the length of time between diagnosis and dietary assessment. Overall, changes in dietary intake, similar to those reported above, have so far not been associated with improvements in disease-free survival and breast cancer mortality [26] . The association between dietary changes made by the DietCompLyf cohort and breast cancer outcomes will be investigated in the future. Reported intake of vitamins associated with fruit and vegetables increased post-diagnosis, whereas intake of retinol, niacin and riboflavin decreased, probably due to lower consumption of meat and dairy products. This would also explain the decreased intake of certain minerals such as iron, zinc, phosphorus and calcium. However, the possibility of observed changes in reported nutrient and mineral intakes being a statistical artefact due to multiple analyses cannot be ruled out. Furthermore, these values are based on dietary intake from food alone and do not take into account any dietary supplements taken. Analysis of supplement use by participants post-diagnosis reveals a significant increase in the number of formulations taken and it is likely that total intake of nutrients is higher than those estimated from food alone.
Supplement use before and after diagnosis
Dietary supplement use was highly prevalent among this cohort of women with 56% taking one or more supplements before breast cancer diagnosis. This figure is higher than the 40-43% of British adult supplement users according to two previous national UK surveys [31, 32] , but similar to recent findings by the Pathways study [18] reporting frequent use of botanical and other natural products by 41-58% of a cohort of 1,000 women within 5 years of their breast cancer diagnosis. In comparison to these findings earlier reports found lower pre-diagnostic supplement use by breast cancer patients which ranged from 24-33% [21, 33] . Following diagnosis, there was a small overall increase of 5.2% in patients taking supplements accompanied by a significant increase in the use of the most common supplement types suggesting that supplement users pre-diagnosis took new individual supplements after their diagnosis. There have been few reports to date regarding behaviour changes in terms of supplement use. Holmes et al. [20] found supplement users increased by 7% post-diagnosis while reports of new dietary supplement use since diagnosis range from 34-64% [2, 18] . Overall, both pre-and post-diagnostic supplement use in the DietCompLyf cohort was substantial and higher than previous reports from the UK of between 33.2 and 53% for women with breast cancer [34] [35] [36] . The higher prevalence presented here could be due to increased use of supplements over time, a trend that has been reported previously for complementary and alternative medicine use [37] . The most commonly consumed supplements after diagnosis by this cohort were MVMs (34%) and fish oils (29%), similar to previous reports from the UK [31, 34] . Prevalence of multivitamin use by UK breast cancer survivors was much lower than findings from US studies which ranged from 57-62% [14] .
Consumers of OBSs were few among this cohort but more than doubled after diagnosis to 8.4%. There are few reports of OBS use by breast cancer patients. In a casecontrol study [38] , 17.2% of breast cancer cases were found to use hormone-related supplements, while as part of the HEAL study 34.7% of 502 postmenopausal women with in situ and invasive breast cancers reported taking at least one oestrogenic supplement since diagnosis [39] . Direct comparison between studies is, however, difficult due to differences in characterisation and grouping of supplements. The effects of OBSs on recurrence are still unknown. Being weakly oestrogenic, it is possible such supplements could affect the prognosis of women treated for oestrogen receptor positive tumours. Contrary to this hypothesis, a significant association between the use of OBSs and lower levels of serum oestrogens has been reported [39] , although this was a cross sectional study. Concurrent use of supplements during breast cancer therapy may impact on treatment effectiveness. Dietary genistein for example, has been shown to counteract the antiproliferative effect of the aromatase inhibitor letrozole on MCF-7 tumours implanted in ovariectomized mice [40] . Most botanical extracts, however, have not been tested thoroughly for oestrogenic activity. Furthermore, seasonal variation in compounds within plants [41] can contribute to misclassification as the chemical content and biological activity of botanical supplements is often not standardised [42] .
Only a third of branded OBS products were being promoted for hormone/menopausal-related problems suggesting that women were taking the rest for other indications and most probably were not aware that the oestrogenic constituents could have potentially adverse effects in terms of recurrence. This finding highlights the need to educate patients about the harmful effects of such products, providing guidance for supplements to avoid. As patients may not readily disclose information about supplement consumption to their clinician [43] and their habits may change periodically, it may be advisable for clinicians to regularly ask patients about their supplement use and suggest caution due to a lack of evidence of any beneficial effects [44] . At the same time, more research on the effects of oestrogenic and other supplements in breast cancer patients and tighter regulations on labelling are needed.
Strengths and limitations
Results presented in this study should be considered in light of certain limitations. Participants were asked to recall information about their diet approximately 1 year before their breast cancer was diagnosed and data is therefore subject to recall error. However, events such as cancer diagnosis can be a turning point for adopting new lifestyle changes [1, 6] and significant dietary changes may be more clearly remembered. Although the FFQ used in this study has been shown to produce similar macronutrient intakes and average intakes of foods to those identified by the more robust assessment method of a 7-day food diary, it tends to overestimate intakes of fruit, vegetables, cheese and milk [45] . In addition, factors including age, education, race, obesity and social desirability could have resulted in under and over-reporting as previously demonstrated [46] [47] [48] [49] . In terms of assessment of dietary supplement use, it is likely that some women were misclassified in terms of supplement type due to insufficient information provided, while objective characterisation of supplements as oestrogenic was difficult when inadequate data was provided on labels. It is also possible that women participating in the DietCompLyf study were more interested in health-related behaviours than those who declined participation, and to be healthier than those who were excluded from participating because of disease progression before reaching the recruitment timeframe. These findings can therefore not be generalised to the whole UK breast cancer population. The findings reported here are an intermediate analysis not based on the full study cohort (n = 3381). It is possible that findings may differ in the full cohort, once recruitment and data collection has been completed.
The strength of the analyses presented here is based on the use of data from a large cohort of breast cancer patients and has been obtained from semi-quantitative FFQs validated for a UK population. Results from this cohort demonstrate that, after their breast cancer diagnosis, British women reported making significant changes to their diet, adopting healthier food choices in addition to increasing the number of new supplements taken. Such dietary changes may benefit survivors by potentially decreasing their risk of breast cancer recurrence and reducing the risk of developing other co-morbidities including diabetes and heart disease.
Follow-up of this cohort is essential to determine the impact of not only pre-diagnostic dietary intake, but also the impact of change in dietary intake on disease free survival and overall mortality. It is encouraging, however, that these women made changes to their diets that are likely to have a beneficial effect on other co-morbidities. These findings contribute to our understanding of breast cancer patients' dietary behaviours and the changes they make following their diagnosis. Further analysis of the data within this study will help to elucidate the predictors of dietary changes at diagnosis, and their impact on breast cancer recurrence and mortality.
